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等。为了解决这些问题，本文分别发展了核酸外切酶III（Exonuclease III, Exo III）、
T7 核酸外切酶（T7 Exonuclease, T7 Exo）及氧化石墨烯辅助的循环酶切信号放









































































In the recent years, nucleic acid molecular probes (NAMP) have become a class 
of significant bioanalytical tools for wide applications in the field of bioanalysis and 
biomedicine. As a biosensor, NAMP was built by nucleic acid sequences to 
recognize targets by base pairing and other non-covalent interactions and produce 
outputs through optical, electrical or magnetic signal changes. Today, NAMPs have 
found wide applications in sensing of various chemical and biological substances, as 
well as physical parameters. Successful analysis of more and more targets has 
demonstrated NAMP is an important bioanalysis tool. However, in traditional 
NAMP systems, each target molecule reacts with a single copy of the probe, thereby 
limiting the detection sensitivity. In order to improve the sensitivity, a variety of 
amplification strategies have been proposed. Among these, nucleases (nicking 
endonuclease, RNase H etc.)-assisted signal amplification strategies, in which one 
target molecule leads to many cycles of target-dependent nuclease digestion of 
reporter molecules, have attracted more and more attentions for simple, convenient 
and ultrasensitive nucleic acid detection. Unfortunately, while nicking enzyme is 
sequence-specific and RNase H requires the RNA probes, the application is limited 
to the number of DNA sequences that can be detected and the special and tedious 
manipulation is needed. Meanwhile, most of the presented signal amplification 
strategies are based on the conventional NAMPs, such as displacing probes and 
molecular beacons, resulting in a high background signal, low hybridization kinetics, 
poor sensitivity, limited targets and failed detection in complex biological samples. 
In order to solve these problems, in our work, we developed exonuclease III (Exo 
III), T7 exonuclease (T7 Exo) and graphene oxide (GO)-assisted cyclic enzymatic 
amplification method (CEAM) for high sensitive, universal detection of various 
targets in complex biological samples. We also proposed an effective way to design 















nucleic acids, proteins, and small molecules, developed mass amplifying probe for 
sensitive fluorescence anisotropy detection of small molecules. The main works are 
listed as follows: 
1. Exonuclease III-assisted cyclic enzymatic amplification method for highly 
sensitive bioanalysis 
In this work, we proposed exonuclease III (Exo III) and linear molecular 
beacons (LMBs)-assisted cyclic enzymatic amplification method (CEAM) for highly 
sensitive detection of DNA and non-nucleic acid targets. Exo III hydrolyzes 
mononucleotides from the 3’-hydroxyl terminus of duplex DNA, LMBs are linear 
oligonucleotide probes with a fluorophore and quencher attached to 3’ terminal and 
penultimate nucleotides, respectively. Compared to displacing probes, for the LMBs, 
because both quencher and fluorophore are attached to the same strand with adjacent 
positions, efficient quenching can be obtained with very low probe background 
signal, meanwhile, LMBs allow faster reaction rates for there are no displacing 
process. Using LMBs in cyclic Exo III amplification assay, ultrasensitive nucleic 
acid detection methods were developed with a detection limit of less than 120 fM. 
Furthermore, LMBs can be extended as universal probes for detection of non-nucleic 
acid molecules such as cocaine with high sensitivity and excellent selectivity. 
2. T7 Exonuclease-assisted cyclic enzymatic amplification method and the 
application in ultrasensitive miRNA analysis 
We developed a T7 Exo-assisted CEAM, then, combining with rolling circle 
amplification (RCA) technique, a dual amplification method for isothermal 
amplified detection of miRNA with high sensitivity and selectivity was proposed. T7 
Exo shows excellent specificity on dsDNA, thus, with designed T7 Exo 
assisted-CEAM and RCA, we developed a dual amplification for ultrasensitive 
miRNA analysis. By this way, a 12 fM miRNA can be detected directly. This 
approach, a promising miRNA quantification method in clinical diagnostics for its 
high sensitivity and selectivity, can be used to compare the expression level of 
different cells. 















in complex biological samples based on a cyclic enzymatic amplification method 
Based on graphene oxide (GO)-protected DNA probes, we have developed a 
cyclic enzymatic amplification method for sensitive miRNA detection in complex 
biological samples. DNA probes can absorb on graphene oxide (GO) thereby being 
protected from DNase I degradation. Because DNase I can only digest DNA but not 
active RNA, we developed a GO-protected and DNase I-assisted CEAM for high 
sensitive and multiplex microRNA analysis in complex biological samples. With this 
approach, as low as 9 pM miRNA can be detected with excellent selectivity. 
Meanwhile, the method can also be used for detection of miRNA directly in complex 
biological sample. 
4. Graphene oxide-protected RNA probes for high sensitive bioanalysis 
We have developed GO-stabilized RNA probes for high sensitive bioanalysis. 
In this chapter, we demonstrated that GO can protect RNA probes from nuclease 
hydrolysis, cell lysis digestion, or even long-term incubation in the lab. Based on this 
property of GOs, we proposed an effective way to fabricate stable RNA probes for 
RNase H-assisted signal amplification detection of DNA, and RNA aptasensor for 
detection of VEGF and theophylline. All the biosensors are sensitive and selective. 
More importantly, all the procedures do not require complicated manipulation. We 
believer our method will provide new opportunities to utilize the large number of 
RNA NAMPs. 
5. Mass amplifying allosteric probe for sensitive fluorescence anisotropy 
detection of Small Molecules 
Here we proposed a mass amplifying allosteric probes for small molecules 
fluorescence anisotropy (FA) detection. A mass amplifying probe (MAP) consisted 
of a targeting aptamer domain against a target molecule and molecular mass 
amplifying aptamer domain for the amplifier protein. The probe is initially rendered 
inactivate by a small blocking strand partially complementary to both target aptamer 
and amplifier protein aptamer so that the mass amplifying aptamer domain would 
not bind to the amplifier protein unless the probe has been activated by the target. As 















resulting in a molecular mass amplifying FA aptamer probes for small molecule 
analysis. 
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